ABSTRACT: Morphological characterization and the study of reproductive behavior are important procedures to identify desirable traits of progenitors to be included in breeding programs. Morphological descriptors and the reproductive behavior of parental accessions of the legumes Arachis pintoi Krapov & W.C.Gregory and A. repens Handro were analyzed looking for the probable causes of seed production variability. Morphological and reproductive characterization were used for the estimation of the genetic variability of five A. pintoi and two A. repens accessions, with crosses being conducted in a greenhouse. Parents and hybrids have shown high pollen stainability, regular meiosis (2n=20), and presented distinctive reproductive behaviors: A. pintoi accessions GK 12787, V 13468 and V 6791-wf are prolific seed producers, while A. pintoi V 13167, V 13338 and A. repens Nc 1579 and Nc 1578, rarely produce seeds. Intraspecific crosses generated fertile F 1 and F 2 hybrids from five combinations. Interspecific crosses produced sterile F 1 hybrids. Stigma morphology and distinct mode of reproduction present among accessions suggest possible barriers for seed production in some cross-combinations. Euclidian distance range between parents was 0.20 to 5.52. Accessions GK 12787 and Nc 1579 presented the maximum distance: 5.52, and V 13468 and Nc 1579 the minimum distance: 0.20. The Euclidian distance was considered an adequate methodology to study genetic diversity of parental accessions. 
INTRODUCTION
Exploitation of legume species as prospective new cultivars for pasture establishment has intensified the agronomic evaluation of Arachis pintoi Krapov. & W.C.Gregory, a promising Brazilian legume, which has shown great tolerance to stress and grazing, having a good persistence. Attributes for additional uses, such as cover-crops for erosion control and reduction of weed invasion and gardening were also identified in its accessions (Argel & Pizarro, 1992; Argel & Villarreal, 1998; Cook & Crosthwaite, 1994 ). An effort towards germplasm enrichment, conducted at "Embrapa Recursos Genéticos e Biotecnologia", Brazil, has increased the number of available accessions of A. pintoi and the related A. repens Handro, the other species of the taxonomic section Caulorrhizae, to 150. Hybrid combinations of A. pintoi and A. repens are also considered desirable. Ideally, a perennial, persistent legume could be produced combining in a single genotype the best traits of these species (Firth & Wilson, 1995) .
Wild species of Arachis are generally accepted as autogamous, by analogy to the cultivated peanut, A. hypogaea L., but differences in stigma morphology and pollination behavior have been noted for both annual and perennial species (Lu et al., 1990) . Arachis hypogaea is regarded as a self-pollinated, allotetraploid crop, (2n= 40), contrary to most wild Arachis species, which are diploid (2n=20). Variability in reproductive characteristics is recognized in this genus. Sexual reproduction of seed-producing species is the usual process, although apomixis is also indicated as possible for some species of Arachis, under certain conditions, and the vegetative propagation has also been reported . A better understanding of the genetic variation, encompassed by each germplasm accession of Arachis species and by the collection as a whole, can only be attained by adequate characterization . The morphological and molecular variation observed in section Caulorrhizae (Bertozo & Valls, 2001; Gimenes et al., 2000; Monçato, 1995; Valente et al., 2001 ) supports the investigation of the level of genetic variability available in this section.
Genetic variability in a population is a parameter that can be easily measured through the genetic distance between parents (Cowen & Frey, 1987) . Intraspecific and interspecific crosses have been used in the characterization of new genetic materials of cultivated species, well known for their phenology and reproduction. Artificial crosses yield valuable information on reproductive behavior, genetic barriers and, in the case of perennial Arachis species, potential for inclusion in forage breeding programs. For a better understanding of the phylogenetic relationship within the genus Arachis, conducted many crosses using accessions between and within taxonomic sections, and obtained only one interspecific hybrid between A. pintoi and A. repens. Other crosses, between members of section Caulorrhizae and accessions of different sections were successfully obtained, but the progeny was sterile (Krapovickas & Gregory, 1994) .
This work aims to evaluate morphological and reproductive aspects, including seed production and crosses, in accessions of A. pintoi and A. repens, for the estimation of genetic variability and to indicate the best cross-combinations from divergent progenitors.
MATERIAL AND METHODS
Plant materials -Five accessions of A. pintoi and two of A. repens originally collected in the nature in the Brazilian States of Bahia, Minas Gerais and Goiás, were maintained in a greenhouse at Embrapa Recursos Genéticos e Biotecnologia (Embrapa/Cenargen), Brasilia-DF, Brazil. The same parental accessions were grown in pots outside the greenhouse to permit normal self-pollination, and during the same period crosses were made (Oliveira, 1997) . Parental accessions presented distinct morphological characteristics, such as the presence or absence of bristles in petioles and leaflets, and distinct colors of the flower standard (Table 1) .
Pollen viability and stigma morphology -Attributes such as pollen stainability, stigma morphology and variation in fruit production of the parental accessions were previously evaluated under cultivation (Oliveira & Valls, 2002) (Table 2 ). The acetocarmine and glycerin (1:1) staining method (Resslar & Gregory, 1979) The stigma morphology was classified based on the amount and length of hairs surrounding the tip of the stigma.
Morphological characterization and hybridizationFourteen morphological characteristics of the parental accessions and hybrids were evaluated. Measurements were taken on lateral braches in triplicate, as follows: (1) number of bristles on the rachis-BR; (2) number of bristles on the internode-BI; (3) number of bristles on leaflets-BL; (4) rachis length-LR; (5) petiole length-LP; (6) rachis thickness-TR; (7) petiole thickness-TP; (8) internode thickness-TINO; (9) length of distal leaflets-LDL; (10) width of distal leaflets-WDL; (11) length of basal leaflets-LBL (12) width of basal leaflets-WBL; (13) total length of stipule-LST; and (14) length of adnate part only-LSAP. Artificial hybridization was based on the technique adopted by Nigam et al. (1990) . Distinct cross-combinations for A. pintoi accessions were based on the distinct colors of flower standard (Table  1) . Four months after the onset of each crossing period, cross-pollinated seeds were recovered. On the basis of morphological traits, seedlings were easily classified either as hybrids or maternal.
Genetic distance-Genetic divergence among the genotypes was measured by the Euclidian distance method (Cruz & Regazzi, 1994 ) and fourteen morphological descriptors were used to estimate the genetic distance. The Euclidian distance between two progenitors i and i' was calculated as follows:
RESULTS AND DISCUSSION
Seed production by parents and hybrids -Accessions V 6791-wf, GK 12787 and V 13468 are prolific seed producers, whereas accessions V 13167, V 13338, Nc 1578 and Nc 1579 are poor seed producers when in isolation, under greenhouse conditions (Oliveira & Valls, 2002) . Seed production of the parental accessions outside the greenhouse was similar to that obtained in isolation, except for accession V 13338, that was more prolific in open conditions (Table 2) . F 1 hybrids also produced variable amounts of seeds in isolation, but no direct relation was observed between parental accessions and intraspecific F 1 hybrids prolificity (Table 3) . Poor seed producing parent generated F 1 hybrids in the intraspecific crosses, which produced a large number of F 2 seeds. This high seed yield may be associated to good cross-combination among accessions, since these accessions were quite distant with respect to the mode of reproduction and seed production ( Table 2) . No F 2 seeds were developed from interspecific crosses, although pollen viability was high in the parents (Table 2) and F 1 hybrids ( Table 3 ). The completely sterile F 1 hybrids of interspecific crosses support the taxonomic classification of A. repens and A. pintoi like two distinct species as proposed by Krapovickas & Gregory (1994) , on the basis of morphological characters only.
Identification of hybrids was achieved by using the flower standard color, an easily observable morphological character. Hybrids between accessions of A. pintoi exhibited a standard yellow flower, even when the female progenitor had other colors. When parents shared the same flower color, hybrids between A. pintoi and A. repens were detected by the very distinct leaf and internode morphology.
Reproductive aspects -Pollen stainability varied in parents (79.5-100%) and both intraspecific (71.2-97.8%) and interspecific (55.4-99.0%) hybrids. The lowest count of 55.4% was shown in an F 1 A. pintoi x A. repens. However, other F 1 hybrids of the same parent combination presented high pollen counts, reaching 96.6% (Table 3) . Morphology of the stigmatic tip varied among parental accessions, from a tip of stigma surrounded by many long hairs in Nc 1579, to an almost glabrous tip in GK 12787 (Table 2) . Hybrids also presented variation in stigmatic morphology (Table 3) . F 1 hybrids A. pintoi x A. pintoi presented seed production in plants with short stigma hairs, but none in plants with long hairs. The impact of the morphology of the tip of the stigma in the open and self-pollination conditions was not evaluated. It was observed, however, that low seed production and the presence of dense and long hairs surrounding the stigma are associated traits. Differences in this direction where shown by distinct F 1 hybrids deriving from the V 13338 x GK 12787 combination. The variation in the stigma morphology was associated to seed prolificity (Lu et al., 1990) . The authors reported that annual species have short stigmatic hairs, while perennials have longer stigmatic hairs, corresponding to a lower seed production.
However, section Caulorrhizae poses a very distinct situation, where all accessions are perennial and variation is found regarding seed prolificity and stigmatic morphology. Pollen stainability rates of the intraspecific and interspecific F 1 hybrids were above 70% (exception for one hybrid with 55.4%) and meiotic behavior was normal (data not shown). These plants should not have problems regarding fertilization and viable seed production, a common trait in other Arachis species (Niles & Quesenberry, 1992) . Nevertheless, the presence of long hairs at the tip of the stigma may establish a barrier for pollination. The persistence, for many years, of the perennial hybrids obtained in the present study, as well as of their parents and progenies, provides a favorable basis for further investigation on the variability of this character, already observed in the F 1 progeny.
Application of descriptors and genetic distance -Previous morphological studies characterized GK 12787, V 13338, V 13167 and Nc 1579 accessions (Monçato, 1995) and, through the application of descriptors to V 13468, V 6791-wf and Nc 1578, the study was completed ( Table  2 ). The fourteen descriptors applied to parental individuals and F 1 hybrids confirm the large morphological variability in section Caulorrhizae. The relation of length to width of leaflets was previously used for distinction of species within the section. In the present work, the descriptors were effective and they were sufficiently discriminative to separate species and accessions (Table 1) . According to previous characterization, A. repens (GKP 10578) presents leaflets 2.5 times longer than wide, while A. pintoi leaflets (GK 12787) present a relation near 2.0 (Krapovickas & Gregory, 1994) . This descriptor confirmed the proportion of length by width, throughout the A. pintoi and A. repens accessions. Parents presented variation in BR (0-3 grade), BI (0-3 grade), BL (0-2.6 grade), LR (4.5-8.8 mm), LP (13.2-41.8 mm), TR (0.8-1.5 mm), TP (0.9-1.8 mm), TINO (1.9-3.5 mm), LDL (19.5-38.0 mm), WDL (9.2-23.3 mm), LBL (18.0-33.7 mm), WBL (8.2-19.3 mm), LST (10.5-20.5 mm) and LSAP (4.3-8.7 mm). Morphological characters that exhibited more variation in the twenty hybrids, as compared to parents, were: LR (5.0-10.2 mm), LP (10.2-36.5 mm), TR (1.0-1.7 mm), TP (1.0-1.7 mm), TINO (2.2-4.4 mm), LDL (25.7-39.9 mm), WDL (13.0-27.4 mm), LBL (21.7-34.2 mm), WBL (13.2-23.9 mm), and LSAP (6.7-14.1 mm) (Table 4) .
Regarding other morphological characteristics analyzed in parental accessions, the Euclidian distance (Ali et al., 1995) between parents ranged from 5.52 to 0.20 ( The second highest Euclidian distance (4.27) was found between V 13468 and GK 12787. These two accessions presented the lowest and highest genetic distances, respectively, in relation to A. repens Nc 1579 (Table 5 ). The maximum distance of 5.52 verified in the parental accessions originated the most vigorous hybrid in field experiments (Oliveira, 1997) . The two accessions GK 12787 Distinct from other stigmas from hybrids of the same cross-combination.
(grown from seeds of the type-collection of A. pintoi) and Nc 1579 (a morphologically typical accession of A. repens) seem to represent extreme morphological types on a continuum, with most of the accessions having intermediate states or a reticular association of characters . Genetic distance can be an adequate parameter for choosing parental combinations in a crossing program (Cowen & Frey, 1987) involving forage peanut accessions. Information obtained through the investigation of reproductive behavior, stigma morphology and other morphological features provided some insights about the possible causes for the variable amount of seeds produced in distinct cross-combinations. The crosses exposed the genetic variability available in forages species of section Caulorrhizae and have indicated the possibility of new genotype development encouraging further exploitation of their desirable characteristics for direct use in cultivated pastures and genetic breeding programs. Table 4 -Morphological descriptors applied in triplicate to the parental accessions and F 1 hybrids of Arachis species, section Caulorrhizae.
BR-bristles on rachis; BI-bristles on internodes; BL-bristles on leaflets; LR-length of rachis; LP-length of petioles; TR-thickness of rachis; TP-thickness of petioles; TINO-thickness of internode; LDL-length of distal leaflets; WDL-width of distal leaflets; LBL-length of basal leaflets; WBL-width of basal leaflets; LST-total length of stipule; LSAP-length of adnate part of stipule. *Morphological descriptors were not applied to hybrids from every cross-combination. 
